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57 ABSTRACT

An apparatus for checking leakage of a test gas through a
wheel. The apparatus comprises wheel recognition appara-
tus for generating a first signal indicative of selected param-
cters of a wheel, a test cell for applying a differential
pressure of a test gas through a selected portion of the wheel,
and detecting apparatus for determining a leak rate of the test
oas through the selected portion of the wheel. The detecting
apparatus generates a second signal indicative of the leak
rate. The apparatus of the mvention also 1ncludes a micro-
processor operatively connected to the recognition apparatus
for recerving and processing the first signal to determine the
model of the wheel from among a group of preselected
model wheels. The apparatus 1s also operatively connected
to the test cell for controlling operation of the detecting
apparatus according to the model of the wheel, and opera-
tively connected to the detecting apparatus for receiving and
processing the second signal to generate a record of the leak
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APPARATUS FOR LEAK TESTING VEHICLE
WHEELS

This application 1s a continuation of Ser. No. 08/569,343,
filed Dec. 8, 1995 now abandoned.

BACKGROUND OF THE INVENTION

This invention relates 1n general to leak detection devices,
and more particularly to apparatus and method for quanti-
fying the leak rate of a test gas through a vehicle wheel,
permanently associating the wheel with the test results, and
automatically directing subsequent handling of the wheel
based on the detected leak rate.

Minute openings sometimes are present 1n the peripheral
wall of automotive wheel rims after the wheels have been
manufactured. These openings, while they may not be
apparent to the naked eye, may nevertheless allow escape of
alr when the wheels are 1n service. “Tubeless” tires, which
do not employ inner tubes, are widely used 1in modem
vehicles. Tubeless tires utilize the peripheral wall of a wheel
as a pressure boundary retaining air in the tire. Even minute
openings, exposed to normal 1nflation pressures, can allow
air to gradually leak of the tire, resulting in a flat tire which
would need to be serviced.

Thus, 1t 1s important for manufacturers to test the wheels
they produce to 1dentify those wheels which leak more than
a maximum acceptable leak rate, 1n order to repair the
wheels 1f possible, and scrap the wheels 1f they cannot be
repaired. It 1s also important in the production environment
that tests be conducted quickly and reliably, and yet allow
detection of even very minute leaks through the wheels.

Various methods of quickly detecting minute leakage of a
test gas through a flawed component are known, mcluding
methods using a mass spectrometer device to quantify the
leak rate of a test gas through components. Such methods are
discussed 1n the book “Introduction to Helium Mass Spec-
trometer Leak Detection”, copyright 1980 by Varian
Associates, Inc., which 1s hereby mncorporated by reference.
Chapter 7 of this book deals with using helium mass
spectrometers for leak detection, and describes leak testing
of various types of automotive parts (other than wheels). The
book describe a leak check operation for an air-conditioning,
throttle body. An operator places the component 1nto the test
cell 30 which 1s evacuated to less that 1 millimeter of
mercury while a test gas of an air-helium maixture 1s applied
at about 250 p.s.1. to the interior of the component. Gross
leakage 1s 1dentified by the absence of a sufficient vacuum in
the chamber after a period of time. The mass spectrometer
detects smaller leaks. A green light 1s lit to indicate that the
component passes the leak test, while a red light 1s Iit to
indicate that the component has a leakage above an accept-
able amount. Thus the helium mass spectrometer leak detec-
fion system described did not rely on the subjective judg-
ment or interpretation by an operator, as are required in
many other known methods of leak detection.

SUMMARY OF THE INVENTION

This invention relates to a method and apparatus for
checking leakage of a test gas through a wheel.

The apparatus of this invention comprises a wheel rec-
ognition apparatus for generating a first signal indicative of
selected parameters of a wheel, a test cell for applying a
differential pressure of a test gas through a selected portion
of the wheel, and detecting apparatus for determining a leak
rate of the test gas through the selected portion of the wheel.
The detecting apparatus generates a second signal indicative
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of the leak rate. The apparatus of the invention also 1includes
a microprocessor operatively connected to the recognition
apparatus for receiving and processing the first signal to
determine the model of the wheel from among a group of
preselected model wheels. The apparatus 1s also operatively
connected to the test cell for controlling operation of the
detecting apparatus according to the model of the wheel, and
operatively connected to the detecting apparatus for receiv-
ing and processing the second signal to generate a record of
the leak rate.

The mvention also includes a method of manufacturing
vehicle wheels wherein, after testing a wheel to determine a
leak rate of a test gas through a selected portion of the wheel,
the wheel 1s automatically permanently 1dentified with that
leak rate.

The pass/fail test of the prior art 1s adequate to detect
faulty components. However, according to the invention, a
precise quantification of the leak rates of the tested compo-
nents has been determined to be useful 1n statistical moni-
toring of the process of manufacturing wheels. According to
the invention, it would be desirable to provide a machine
which would automatically perform a statistical analysis of
the quantified results of automatic leak rate testing of a
plurality of 1s wheels. These quantified results imnclude not
only how many wheels passed or failed a test of whether the
detected leak rate was 1n excess of a chosen rate, but also
will preferably include the actual leak rates of the tested
wheels. Furthermore, 1t has also been found that would also
be desirable to serialize the tested wheels, 1n order that, for
example, any future failures can be correlated to a particular
production run of the wheels. Furthermore, it may be
desirable to provide a leak detection system with the capa-
bility of having the leak detection system automatically run
a self-calibration function.

Analysis of wheels with leaks returned from customers
shows that a large majority of such wheels were marked as
having leaks during leak tests performed at the factory, but
through operator error (such as being placed on the wrong
pallet at the factory), the wheels were nevertheless distrib-
uted to customers. Accordingly, it would be desirable to
provide an apparatus which would automatically test wheels
for leaks, and automatically segregate wheels which fail a
leak test from those which pass the leak test.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view of the wheel leak detecting apparatus
of this invention.

FIG. 2 1s a flowchart illustrating the process that the
computer controlling the apparatus illustrated in FIG. 1 can
use to process a wheel therethrough.

FIG. 3 1s a schematic one-line diagram 1illustrating the
lines of communication and control among various compo-
nents of the detecting apparatus illustrated 1 FIG. 1.

FIG. 4 1s a diagrammatic elevational view of one of the
leakage test cells 1llustrated 1in FIG. 1.

DETAILED DESCRIPTION OF THE
INVENTION

This 1nvention relates to a method and apparatus for
checking leakage of a test gas through a wheel. Referring to
FIG. 1, the apparatus, indicated generally at 10, will pret-
erably include a conveyor system 12 for automatically
moving the wheels to be tested, 14 and 16, through the
various stations of the apparatus 10. As will be further
explained below, the apparatus 10 includes recognition
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apparatus, such as a vision system 18, to determine the type
of wheel to be tested.

FIG. 2 1s a flowchart illustrating the process that can be
used to process a wheel through the apparatus 10. Referring,
to both FIGS. 1 and 2, the process 100 of testing the wheels
14 and 16 begins, at step 101, with viewing the wheel with
the vision system 18 to recognize what type of wheel 1is
being tested.

A plug mserting system 20 may be provided for auto-
matically temporarily plugeing intentional openings such as
a valve stem hole (not shown) in the wheel to be tested. This
step 1s shown 1n FIG. 2 as a step 102.

Next, the wheel 1s conveyed to a mass spectrometer leak
detecting system. The 1llustrated embodiment has two mass
spectrometer leak detectors, indicated generally at 22 and
24, and the wheel to be tested can be conveyed to either one.
Robotic pick-and-place machines 26 and 28 are provided for
removing the wheel to be tested from the in-feeding portion
12a of the conveyor 12, moving the wheel to be tested to the
assoclated test cell 30 or 32 of the associated mass spec-
trometer leak detector 22 or 24. After leak testing of the
wheel 1s complete, the pick-and-place machine 26 or 28 will
remove the wheel from the associated test cell 30 or 32, and
place the wheel on an out-feeding portion 125 of the
conveyor 12.

The wheel 14 or 16 1s then moved past a printer 34, which
sprays information on the wheel such as a serial number or
the leak rate detected through the wheel. The wheel 14 or 16
1s then conveyed to one of a plurality of discharge paths 36,
38, or 40 of the out-feeding portion 12b of the conveyor
system 12, depending upon, for example, the results of the
leak rate test, and the type of wheel 14 or 16 being tested.

A computer 42 controls the operation of the apparatus 10,
and may be controlled by a program whose flowchart 1s at
least 1in part shown 1n FIG. 2. FIG. 3 1s a diagram of a typical
control system configuration of the apparatus 10
(interconnection and control of the plug insertion system 20
is not shown). The computer 42 controls the operation of the
conveyor system 12, receives mput from the vision system
18 to identify the type of wheel being tested, controls the
operation of the plug insertion system 20, if provided, the
pick-and-place machines 26 and 28, the operation of the
mass spectrometer leak detecting systems 22 and 24, and the
printer 34. The computer 42 evaluates the results of the leak
detection tests performed by the mass spectrometer leak
detectors 22 and 24, and causes the results to be permanently
stored, that 1s, stored in a permanent format, such as mag-
netic storage media, paper printout, or as printing on the
wheel which was tested. In any case, the results of the test
are permanently associated with the tested wheel, because
the results are either printed directly on the wheel, or are
stored along with a unique identification of the particular
wheel tested, such as a serial number printed on the wheel
by the printer 34.

Referring again to FIG. 1, 1t can be seen that the wheels
14 and 16 are of different sizes. As will be explained below,
the apparatus 10 recognizes the various sizes of wheels 14
and 16, and takes the different sizes and styles of wheels into
account when automatically leak testing the wheels 14 and
16. For stmplicity of discussion, the operation of the appa-
ratus 10 will only be discussed with respect to the wheel 14,
unless otherwise noted, as the operation of the apparatus 10
1s similar for each type of wheel. Stmilarly, only the mass
spectrometer leak detector 22, the test cell 30, and the
assoclated pick-and-place machine 26 will be discussed, as
these components are similar to the mass spectrometer leak
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detector 24, the test cell 32, and the pick-and-place machine
28, respectively.

The conveyor system 12 includes conventional motorized
rollers 12¢, various gates 12d and clamps 12¢ for stopping
and positioning the wheel 14 at key points along 1ts path, and
selectively vertically movable conveyor bands 12f inter-
posed between the rollers 12¢ at several locations which
operate to lift the wheel 14 off of the rollers and move the
wheel 14 at right angles to its previous path.

Referring again to the vision system 18, 1t can be seen that
the vision system 18 1ncludes a light array 44 for illuminat-
ing the wheel 14, and a camera 46 which i1s operatively
connected to a control unit 48. The control unit 48 1is
operatively connected to the computer 42. During step 101,
the vision system 18 generates a first signal indicative of
selected parameters of the wheel 14, such as diameter and
width. The computer 42 receives and processes the first
signal to determine the model of the wheel from among a
oroup of preselected model wheels. Of course, 1t 1s possible
to use other types of recognition apparatus other than the
vision system 18 to determine the characteristics of the
wheel 14, such as an array of sensor switches. Such other
types of recognition apparatus are within the scope of the
invention.

At a step 103, the computer 42 determines which test cell
30 or 32 has priority for processing the next wheel 14. Such
priority may be manually selected by the operator, for
example, or based on which of the test cells 30 or 32 a wheel
14 was last directed to, 1n order to ensure both test cells 30
and 32 are fully utilized to the extent possible. After the step
103, the logic of the computer program follows one of two
paths depending upon which of the test cells 30 or 32 has
priority. If the test cell 30 has priority, the computer 42
checks 1n a step 104a whether the test cell 30 1s ready for a
wheel 14. If the test cell 30 1s not ready for a wheel 14, the
computer 42 checks in a step 104b whether the test cell 32
1s ready for a wheel 14. The computer 42 continues steps
1042 and 1045H until one of the test cells 30 and 32 1s ready
for a wheel 14. As 1indicated 1n FIG. 2, the determination of
which of the steps 104a and 104b 1s performed after the step

103 1s determined by which of the test cells 30 and 32 1s
determined 1n step 103 to have priority.

Assuming the test cell 30 has priority and 1s ready for a
wheel 14, a gate 124 1s raised on the conveyor system 12 to
stop the wheel 14 above the conveyor band 12f for feeding
the wheels 14 to the test cell 30. In a step 1054, the wheel
14 1s detected to be at that preload station. After the wheel
14 1s detected at preload, the conveyor band 12f 1s raised and
operated to direct the wheel 14 to a clamp 12¢ at the load
station for the test cell 30. The wheel 14 1s detected at the
clamp load station 1 a step 1064, and the clamp 12¢ 1is
operated to center the wheel 14 at the load station for the test
cell 30 so that the wheel 14 can be picked up by the
pick-and-place machine 26.

The pick-and-place machine 26 has two pairs of robotic
jaws 26a and 26b extending at right angles to one another.
The pair of jaws 26a lifts the wheel 14 off the conveyor
system 12 and, after the pick-and-place machine 26 has
rotated 90 degrees counter-clockwise (as viewed in FIG. 1)
places the wheel 14 1n the cell 30 for leak testing.

During step 1074, the wheel 14 1s placed 1n the test cell
30 for leak testing, as will be described below. During the
leak testing, the pick-and-place machine 26 rotates clock-
wise to position the jaws 26a to pick up the next wheel to be
tested, and positioning the jaws 265 next to the cell 30.
Following the completion of the leak test of the wheel 14,
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the jaws 26b remove the wheel 14 from the test cell 30, and,
after the pick-and-place machine 26 rotates counterclock-
wise to place the next wheel 1n the test cell 30, places the
wheel 14 on the out-feeding portion 125 of the conveyor
system 12. Note that for safety, a fence 50 1s erected around
the robotic pick-and-place machines 26 and 28.

As shown diagrammatically in FIG. 4, the test cell 30 has
a stationary flat lower plate 52 on which the wheel 14 1s
placed flat on either the 1nner or outer rim for testing. The

test cell 30 also has a selectively movable flat upper plate 54
which can be lowered onto the wheel 14 by a hydraulic
operator 56 to seal against the other rim of the wheel, so that
the peripheral wall portion 14a of the wheel 14 cooperates
with the flat plates 52 and 54 to enclose an inner chamber 58.
The flat lower and upper plates 52 and 54 are provided with
annular gaskets 55 to ensure a leak-tight seal with the rims
of the wheel 14. The test cell 30 also includes a bell portion
60 which 1s selectively raised and lowered by a pair of
hydraulic operators 61. The bell portion 60 has a open lower
end with a rim which seals against the flat lower plate 52
when the bell portion 60 1s 1n a lowered position, thereby
enclosing the wheel 14 and the flat upper plate 54 within the
bell portion 60. Automatic clamps 62 lock the bell portion 60
in this lowered, sealing position during the test cycle. With
the flat upper plate 54 and the bell portion 60 1n their lowered
positions, a seal 64 disposed about the radially outer periph-
eral surface of the flat upper plate 54 1s inflated to seal the
flat upper plate 54 against the inner surface of the bell
portion 60. The inflatable seal 64 enables the flat upper plate
54 and the bell portion 60 to seal together regardless of the
width of a particular wheel 14 and resultant differing fully
lowered positions of the flat upper plate 54. Thus the flat
upper plate 54 and the bell portion 60, together with the
outer surface of the wheel 14 and the flat lower plate 52
enclose an outer chamber 66. The outer chamber 66 1is
connected to a source of a helium/air test gas by a pipe 68.
The test cell 30 has a hood 70 above 1t which 1s connected
to an exhaust fan (not shown) in an exhaust stack. The fan
rapidly removes from the areca any traces of the helium/air
mixture released when the bell portion 60 1s opened.

During leak testing, the test cell 30 applies a differential
pressure of the heliumy/air test gas across the peripheral wall
of the wheel 14 by injecting the helium/air test gas in the
chamber 66. The chamber 66 i1s typically pressurized to
about 32 p.s.1.. Simultaneously a pump associated with the
mass spectrometer leak detector 22 draws a vacuum 1n the
inner chamber 38 through the line 72. If a preset amount of
vacuum 1s not found within the chamber 58 within a preset
fime limit, this 1s an 1ndication of a gross leak in the wheel
14, and the computer signals that the wheel 1s rejected.

After sufficient vacuum 1s reached in the inner chamber
58, the mass spectrometer leak detector 22 1s energized to
determine a leak rate of the test gas from the chamber 66
through the wheel 14 to the chamber 58. The mass spec-
trometer leak detector 22 generates a second signal to the
computer 42 indicative of the measured leak rate. After the
leak rate 1s determined, the flat upper plate 54 and the bell
portion 60 are raised by the operators 56 and 61, respec-
fively. In a step 108a, the wheel 14 1s transported to the
unload station for the test cell 30 on the out-feeding portion
126 of the conveyer system 12 by the pick-and-place
machine 26.

As 1ndicated above, the operation of the test cell 32 1s
substantially the same as the operation of the test cell 30. It
the test cell 32 has priority and 1s available, the wheel 14 will
be directed 1n a step 105b to the preload station for the test
cell 32, at the end of the mfeeding portion 12a of the
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conveyor 12, above a conveyor band 12f In a step 1065,
similar to the step 1064, the wheel 14 1s moved to the load
station of the test cell 32. In a step 107b, similar to the step
1074, the wheel 14 1s moved to the lower plate 52 of the test
cell 32. In a step 108b, similar to the step 108a, the wheel
14 1s moved to the unload station of the test cell 32.

Note that the computer 42 1s operatively connected to the
test cells 30 and 32 for controlling operation of the apparatus
10 according to the model of the wheel 14 detected by the
vision system 18. If the wheel 14 1s a relatively large wheel,
then the chamber 58 will be relatively large, and 1t will take
a relatively long time for the vacuum to fall to the desired
level. Thus the computer adjusts the time allowed {for
drawing the vacuum in the chamber 58 according to the
model of wheel 14 detected. Similarly, the size of the
chamber 66 will vary with the size of the wheel 14, requiring
a different size charge of helium/air mixture to be supplied
to the test cell 30 or 32. Thus 1t can be scen that the novel
use of the vision system 18 with the mass spectrometer leak
detector 22 permits a variety of different wheels to be
intermixed and leak tested by the apparatus 10.

The computer 42 1s operatively connected to the mass
spectrometer leak detector 22 for receiving and processing
the second signal to generate a record of the leak rate of the
tested wheel 14. Thus valuable data for Statistical Process
Control (SPC) 1s accumulated by the computer 42 indicating
not only whether a wheel 14 passed or failed the leak rate
test, but also by how much. This data collection allows
statistical analyses such as average and mode to be calcu-
lated for a given group of wheels, whether they be wheels

produced during a certain period of time or for comparing
the leak rates of different models of wheels. This data also
allows one to determine whether wheels which fail the leak
test are part of a group of wheels which all have leak rates
close to the unacceptable limit, or are random outliners of a
oroup of wheels mostly having leak rates much less than
allowed.

The wheel 14 1s moved by the conveyor 12 to the entry
point of the printer 34 1 a step 109. Operation of the
conveyor 12 during the step 109 1s under computer control
in order to keep track of the order of the wheels 14 coming
out of the test cells 30 and 32. The wheel 14 1s then moved
past a couple of generally triangular positioning bumpers
which operate to position the wheel 14 adjacent the printer

34.

The leak rate and/or a serial number 1s preferably perma-
nently recorded on the wheel 14 by the printer 34, which 1s
an 1nk jet printer, as the wheel 14 passes by on the conveyor
system 12, during a step 110. In a step 111, the computer 42
decides whether the wheel 14 at the printer passed the leak
test. According to one preferred scheme, if the computer 42
determines the wheel 14 passed the leak test, the wheel 1s
subsequently processed 1n a step 112 by having the computer
42 assign a sequential serial number to each wheel passing
the leak detection test. Each type of wheel may have a
respective series of serial numbers, such that no two wheels
of the same type will be assigned the same serial number.
This serial number i1s printed on the wheel 14, and 1is
permanently recorded 1n a manner that the serial number can
be cross-referenced to the record of the leak rate detected.

I[f the wheel 14 fails the leak test (i.e., has a leak rate
greater than a predetermined maximum leak rate), the wheel
1s processed 1n a step 113 as a failed wheel. No serial number
1s assigned to the wheel 14, but the leak rate 1s printed on the
wheel 14 to permanently associate the wheel 14 with the
leak rate. Of course, other schemes for permanently asso-
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ciating the wheel 14 with the measured leak rate will be
obvious to those of ordinary skill in the art 1n light of this
disclosure, and are within the scope of this mvention. For
example, serial numbers and measured leak rates could be
printed on all wheels regardless of whether or not they fail
the leak test, or only serial numbers could be 1indicated on the
wheels, with the serial numbers of the wheels and the
associlated measured leak rate permanently associated in
computer memory or on a paper printout.

As part of the steps 112 and 113, the computer 42
preferably controls the subsequent movement of the wheel
along the conveyor system 12 to separate leaking and
non-leaking wheels 14. The computer 42 can also be pro-
crammed to transfer wheels of different sizes or models to
different discharge paths 36, 38, or 40 of the out-feeding
portion 125 of the conveyor system 12

It 1s contemplated that a self-calibration feature may be
provided for the leak detection apparatus of this invention.
One scheme of self calibration would entail inserting a
calibrated leak fitting (not shown) into the valve hole of a
special calibration wheel (also not shown). The calibrated
leak fitting would be an orifice passing a known quantity of
gas at a given differential pressure across the leak fitting. The
calibration wheel would preferably be a steel wheel of a
design which was different from any production design. The
calibration wheel with the calibrated leak fitting in the valve
stem hole 1s placed on the input conveyor 12 of the apparatus
10, and 1s conveyed to the vision system 18. The calibration
wheel 1s programmed into the vision system computer, soO
that the vision system 18 will recognize the wheel as the
calibration wheel. When the calibration wheel 1s recognized,

the apparatus 10 goes into a self-calibration cycle.

The calibration wheel 1s transported to one of the test cells
30 and 32. The selection of which test cell 1s selected may
be manually controlled by the operator, or may be automati-
cally controlled by the computer 42, based upon, for
example, which test cell was last calibrated. The actual leak
value of the calibrated leak fitting i1s programmed 1nto the
computer 42, so that when the calibration wheel 1s subse-
quently leak tested 1n one of the test cells 30 or 32, the
apparatus 10 compares the test reading to the programmed
actual leak value. If there 1s a difference of greater than some
predetermined value (for example, greater than 20%), the
apparatus 10 repeatedly adjusts the mass spectrometer sen-
sitivity and retests the calibration wheel until the test reading
1s within the predetermined value of the programmed actual
leak value. Once the test reading 1s within the predetermined
value of the programmed actual leak value, the apparatus 10
records 1n an electronic table the initial difference, the
subsequent difference, and the value correction, along with
the date and time. Next, the calibration wheel 1s transported
to the discharge path 36, 38, or 40 to which rejected wheels
are transported. The printer 34 does not print anything on the
calibration wheel. The apparatus 10 then proceeds to the
next regular cycle.

It 1s also contemplated that a piping connection (not
shown) may be added to communicate through the bell 60
(either the lower or upper skirt portion of the bell 60,
depending upon the test gas used). A pump (not shown)
could be provided to pump the test gas/air mixture out of the
chamber 66 at the completion of a leak test. After the
pressure 1n the chamber 66 has been reduced to atmospheric
pressure, the flat upper plate 54 and the bell portion 60 are
raised, and the wheel 14 is transported to the out-feeding
portion 125 of the conveyer system 12 by the pick-and-place
machine 26.

The test gas/air mixture could be pumped 1nto a storage
tank (not shown) where the mixture would be stored before
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being re-1njected mnto the chamber 66 for use 1n a subsequent
test cycle. Additional test gas could be added to the mixture
while the mixture 1s 1n the storage tank, or while the mixture
1s being re-injected into the chamber 66. Such an arrange-
ment would advantageously maximize reuse of the test gas.

It 1s expected that with such an arrangement 1t may be
necessary to adjust the length of time for injecting the
mixture and additional test gas for the different volumes of
the chamber 66 caused by the differences in the sizes of the
wheels 14 and 16. Additionally, a sensor may be required to
determine the concentration of the test gas 1n the mixture, to
determine how much additional test gas i1s required to be
injected to bring the mixture up to a nominal concentration
of test gas 1n air, or to adjust the leak rate reading to account
for variations in the concentration of test gas i1n air in the
mixture being injected 1nto the chamber 66.

The principle and mode of operation of this invention
have been explained and illustrated 1n 1ts preferred embodi-
ment. However, 1t must be understood that this invention
may be practiced otherwise than as specifically explained
and 1llustrated without departing from 1ts spirit or scope.

What 1s claimed is:

1. A test cell for a mass spectrometer leak detection
system, including:

a lower plate;

a upper plate selectively movable relative to said lower

plate and adapted to cooperate with said lower plate

and an object to be leak tested to define a first chamber,
said upper plate having a radially outer surface;

a bell portion selectively movable relative to said lower
plate and said upper plate, said bell portion having an
opening 1nto an interior thereof, said opening having a
rim which may be sealed against said lower plate to
enclose said upper plate and an object to be leak tested
within said interior of said bell portion;

an 1nflatable seal disposed about said radially outer sur-
face of said upper plate, which, when inflated, seals
against said upper plate and said bell portion, and
which 1n cooperation with said upper plate, said lower
plate, said bell portion, and an object to be leak tested
which 1s sealed against said upper and lower plates,
defines an outer chamber around the object to be leak
tested;

a source of a test gas selectively communicating with one
of said inner and outer chambers; and

a conduit adapted to provide selective communication
between the other of said inner and outer chambers and
a mass spectrometer leak detector.
2. A method of manufacturing vehicle wheels, compris-
ng:
a) testing each wheel to quantify a leak rate of a test gas
through a selected portion of the wheel; and

b) permanently marking each wheel such that said quan-
tified leak rate 1s permanently associated with the
marked wheel.

3. The method of claim 2, wherein step b) includes
permanently marking said quantified leak rate on each
wheel.

4. The method of claim 2, wherein said permanent mark-
ing process of step b) is performed automatically by a
printer.

5. The method of claim 2, wherein step b) includes the
steps of:

b1l) permanently marking the marked wheel with a unique
identifying indicia; and
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b2) recording said quantified leak rate and said unique
1dentifying indicia 1in a permanent record such that said
unique 1dentifying indicia 1s associated with said leak
rate.
6. The method of claim 5, wherein said unique 1dentifying
indicia 1s a serial number.
7. The method of claim 2, further including after step b)
the steps of:

¢) recording said quantified leak rate in a record contain-
ing recorded quantified leak rates of other wheels; and

d) statistically analyzing said quantified leak rates
recorded 1n said record.
8. The method of claim 2, wherein step a) includes the
steps of:

al) utilizing a vision system to automatically determine
what model each wheel 1s of a group of pre-selected
wheel models;

a2) adjusting a testing cycle of a leak test apparatus in a
predetermined manner according to the determined
model of each wheel; and

a3) testing each wheel in said testing apparatus to quantify

said leak rate.

9. The method of claim 8, wherein in step a2) the amount
of a test gas used to test each wheel 1s adjusted depending
upon which model wheel of the group of pre-selected wheel
models each wheel 1s determined to be.

10. An apparatus for checking leakage of a test gas
through a wheel, comprising:

a vision system for generating a first signal indicative of
selected parameters of the wheel;

a test cell for applying a differential pressure of a test gas
through a selected portion of the wheel being checked,;

detecting apparatus for quantitatively determining a leak
rate of the test gas through said selected portion of the
wheel being checked and generating a second signal
indicative of said leak rate; and

a microprocessor operatively connected to said vision
system for receiving and processing said first signal to
determine the model of the wheel being checked, and
operatively connected to said test cell for controlling
operation of said detecting apparatus according to the
model of the wheel bemng checked, and operatively
connected to said detecting apparatus for receiving and
processing said second signal to generate a quantified
permanent record of said leak rate.

11. The apparatus of claim 10, wherein said detecting
apparatus includes a mass spectrometer, and wherein said
test cell includes a pair of plates which sealingly engage the
wheel being checked to defined an inner first chamber, a
reciprocating container engaging one of said plates to
defined an outer second chamber containing the wheel being
checked, and wherein said test cell 1s adapted to receive a
test gas mtroduced 1n one of said first and second chambers,
the amount of the test gas to be introduced being dependent
upon the recognized model of the wheel being checked, and
wherein said mass spectrometer measures the amount of the
test gas 1n a sample taken from the other of said first and
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second chambers to determine a leak rate of the test gas
through the wheel.

12. The apparatus of claim 10 further including a marking
apparatus operatively connected to said microprocessor for
permanently marking each wheel being checked with 1indicia
permitting an association of the wheel with said quantita-
fively determined leak rate.

13. The apparatus of claam 12, wherein said indicia 1s said

quantitatively determined leak rate.

14. The apparatus of claim 12, wherein said indicia 1s a
serial number, and further including an apparatus for pro-
ducing a permanent record associating said indicia and said
quantitatively determined leak rate.

15. The apparatus of claim 12, wherein said marking
apparatus 1s a printer which prints said quantitatively deter-
mined leak rate on the wheel being checked 1f said quanti-
tatively determined leak rate 1s at least a predetermined leak
rate, and prints a unique serial number on the wheel being
checked 1f said quantitatively determined leak rate 1s below
said predetermined leak rate, and further including an appa-
ratus for producing a permanent record associating said
unique serial number and said quanfitatively determined
leak rate.

16. A method of manufacturing a vehicle wheel, compris-
Ing:

a) testing a wheel to quantify a leak rate of a test gas
through a selected portion of the wheel; and

b) permanently marking said wheel such with said quan-
tified leak rate.
17. A method of manufacturing a vehicle wheel, compris-
ng:
a) testing a wheel to quantify a leak rate of a test gas
through a selected portion of the wheel; and

b) permanently marking said wheel with a serial number;
and

c) recording said quantified leak rate and said serial
number 1n a permanent record such that said quantified
leak rate may be determined in the future by the steps
of:

d) observing said serial number on said wheel; and
¢) reading the quantified leak rate associated with said
serial number 1n said record.

18. A method of manufacturing a vehicle wheel, compris-
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Ing:
a) testing a wheel to quantify a leak rate of a test gas
through a selected portion of the wheel; and

b) permanently marking said quantitatively determined
leak rate on the wheel being checked 1f said quantita-
tively determined leak rate 1s at least a predetermined
leak rate, and permanently marking a unique serial
number on the wheel being checked if said quantita-
tively determined leak rate 1s below said predetermined
leak rate and producing a permanent record associating
said unique serial number and said quantitatively deter-
mined leak rate.
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